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This application claims the priority of Japanese Patent Application No. 3-71836 filed on April 4, 1991 which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

5 

1. Field of the invention 

The present invention relates to a thermoplastic resin composition having excellent characteristics such 
as impact resistance and coatability, and particularly to a resin composition to be used as a material for resin 
10 molded articles such as a bumper of an automobile. 

2. Description of the Related Art 

Propylene polymerides are widely used for various molded products since they have excellent mechanical 
15 properties, processability during molding and chemical resistance and they are inexpensive. However, the pro- 
pylene polymerides have a drawk>ack in that they have poor impact resistance, coatability (the concept including 
readiness of being coated, adhesion with a coating film, etc.) and adhesion with an adhesive or a film. For this 
reason, when the propylene polymeride is used as a bumper, a thenmoplastic elastomer is added thereto so 
as to improve impact resistance and coatability (Japanese Unexamined Patent Publication No. 63-39951 and 
20 No. 63-122752). When a bumper is coated, the surface of the bumper is washed with a halogen containing 
organic solvent such as 1 .1 ,1-trichloroethane and trichloroethylene prior to application of a primer coating and 
a topcoating. 

Meanwhile, in order to overcome the above problems of propylene polymerides, an attempt was made to 
admix a vinyl type polymer, for example, polystyrene with a propylene polymeride. Japanese Unexamined Pa- 
25 tent Publication No. 56-93730 discloses a technique of dispersing polystyrene in a propylene polymeride by 
blending a polystyrene modified propylene polymeride produced by a specific process with a propylene 
polymeride. 

Japanese Unexamined Patent Publication No. 2-173049 discloses a technique of blending a multi-phase 
structure graft copolymer having an olefin copolymer portion and a vinyl copolymer portion with a propylene 
30 polymeride. 

Nowadays, the surface washing process using a halogen containing organic solvent is desirably omitted 
in order to prevent environmental pollution. The molded products of a composition disclosed in Japanese Un- 
examined Patent Publication No. 63-39951, however, involves a problem that adhesion of the molded product 
with a primer is extremely reduced unless the surface of the molded product is washed. 

35 Since the propylene polymeride and polystyrene generally have poor compatibility with each other, only a 

small amount of polystyrene can be blended with the propylene polymeride. The molded product of such a 
blend, therefore, still involves a problem that it has low impact resistance. Further, when a technique disclosed 
in Japanese Unexamined Patent Publication No. 58-93730 Is employed, the compatibility of the polystyrene 
modified propylene polymeride with the propylene polymeride was not always sufficient because the graft ef- 

40 ficiency of the polystyrene nxKlified propylene polymeride is low. 

The compatibility of the multi-phase structure graft copolymer with the propylene polymeride is improved 
in the technique disclosed in Japanese Unexamined Patent Publication No. 2-173049. Since polymers con- 
stituting the multiphase structure graft copolymer have poor affinity with a coating, the resulting composition 
still has insufficient performance with respect to coatability (particulariy adhesion with the coating film). 

45 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary objective of the present invention to provide a thermoplastic resin composition 
having excellent impact resistance, coatability and adhesion while maintaining excellent mechanical properties 
50 of propylene resins. 

To achieve the foregoing and other objects and in accordance with the purpose of the present invention, 
an improved thermoplastic resin composition is proposed. The thermoplastic resin composition invention con- 
tains a propylene polymeride (1) and a graft copolymer (2) having an olefin homo/co-polymer portion and a 
vinyl copolymer portion. In the graft copolymer (2), the proportion of the olefin homo/co-polymer portion is 5 to 
55 95 % by weight, and the vinyl copolymer portion occupies the remaining weight 

The vinyl copolymer portion of the graft copolymer (2) has at least one functional group selected from the 
group consisting of an epoxy group, a carboxyl group, a hydroxyl group and an amino group, one of the olefin 
homo/co-polymer portion and the vinyl copolymer portion form a dispersed phase in the other with a particle 
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size of 0.001 to 10 ^r,. Consequentty. the graft copolymer assumes a multnphase stn^cture 
DeUiled DMcriptlon of the Invention 

According to the present invention, since the graft copolymer (2) indudes an olefin homo/co-polymer por- 

improved over the prior art rnolded products. 

The constituents of the present invention wilt be described below in more detail. 

[Propylene polymeride (1)] 

The oroDviene polymeride (1 ) used in the present invention should have crystallizability. Suitable propylene 

axe not impaired. 

(Multi-phase structure graft copolymer (2)] 

The oraft copolymer (2) having a multi-phase slr^^cture used herein has an olefin homo/co-polymer portion 
(X) and aCrcopoTmei portion V). The graft copolymer (2) is thermoplastic. One portion ,s homogeneously 

°' 'ThT^mber 'avele molecular weight of the vinyl copolymer portion (Y) in the multiphase structure graft 

hand, if the olef n homo/co-pdymer porbon (X) exceeds 95 % oy we gni. «j , .^^^.^ 
product obtained by using the present thermoplastic resin composition will not be improved. 

[Olefin homo/co-polymer (X)] 

ers (X3) such as propylene copolymers. 
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(Ethylene copolymer (X2)l 

i rr.^ iY9\ mfers to at least one copoiymer selected from the group consisting of an et- 
K , TIZZTJ^^^ aTydhde S of a block or random copolymer consisting essentially of an 

Of sue. copolymer (>^^)' ^ ^'^^''^IJ-^ (X2) refer, to a polymer obtained by 

copolymer a,bber. ^"^P^f Y^*^^;;^ ethyiene-propy^ne copolymer rubber having a Mooney viscos.ty 
rri^5tT5otnd''are:^.:n:SpylenU'ene copolymer rubber having a .ooney viscosity 

""'r^Ti::^ - ^ aromatic monom. 

In the hydnde (X22) of a block .y^^) the vinyl aromatic monomer can be exem- 

" "^l 8POX, o™» co^inins .Wn. coponm.r (X23) =s m ,m,(.ne oopo(»r,« |X2) in- 
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is ethylene-glycidyl methaco^late copolymer. These epoxy group contair,ing ethylene copolymers may be lised 
Tow"a'^r'Lss for preparing the frst type epoxy group conta^ing ethylene copolymer (X23) will be des- 

5 ""^^ot preparing the copolymer (X23). a high-pressure radical polymerization process is employed^ To des- 
cribe the'pTciess more spTcffically. ethylene (60.0 to 99.5 % by weight), at least one ^'nd o un^turated gJrcK^ 
Joup containing monomer (0.6 to 40.0 % by weight) and at least one kind of other «»hylen.cally unsaturated 
Smer (0 to 39.5 % by weight) are blended to prepare 100 % by weight of a monomer mjxtL re. and the re- 
Snglle IssealedLreactorhavingashape Of tanKor tube. Then p^^^ 

,0 ure Is carried out under the condition of a reaction pressure of 500 to 4000 kg /cm^ (preferab^ ™i to 1^ 
kg/cm2) and a reaction temperature of 50 to 400»C (preferably 100 to 350X) .n the presence of 0 0001 '° J. » 
% by weight of a radical polymerization Initiator, a chain transfer agent, and. necessary, other auxiliaries. The 
monomer mixture may be fed stepwise into the reactor as the reaction proceeds. 

TlTe rTdTcal polymerization initiator can be exemplified by peroxide, hydroperoxide, azo compounds, 

" r^SfagSu^es hydrogen, p.pylene. butene-l . a saturated ^-iP-lc hyd^a^^^^^^^^^^ 

erably a C-Cao hydrocarbon) such as methane, ethane, propane, butane, isobutane, 

ScSaraffin a halogen substituted hydrocarbon such as chlorofom, and carbon tetrachlonde; a sanjrated 
Sat" aLhol (pr^^erably C,-C. alcohol) such as methanol, ethanol. P-P-°' ^^^^^^^^ 
20 aliphatic carbonyl compound (preferably C,-C,o carbonyl compound) such as carbon d.ox^de acetone and 

methyl ethyl ketone; and an aromatic hydrocarbon such as toluene, diethylbenzene and xylene. 

A second type of the epoxy group containing ethylene copolymer (X23) is a mod.ficat.on of the convenhonal 
ethyreneTol^ lymer or ethane copolymer obtained by add-on reactk^n with the f^^^f^^^^^^ 
Snlng monomer. The ethylene homopolymer can be exemplified by low dens.ty. .ntermediate dens.ty and 

"^\r et'h;er:oXer can be exempi.ed by copolymers of ethylene with other ^^^^^ 
ethylene as ttie majoVcomponent. such as ethylene-propylene copolymer, ethylene-butene-1 copolymer^ et- 
hZe hexene-1 copolymer, ethylene^-methylpentene-1 copolymer, ethylene-octene-1 copolymer etc 
c^SjmeLfpropyleneUethyleneand/orothera-olefincontalningprop^^ 
30 as a propylene-ethylene block copolymer, ethylene-vinyl acetate copolymer, ethy lene-acryl.c acid copolymer, 
ethvlene-methacrylic acid copolymer, copolymers of ethiriene with aciylate or methacrylate, such as methyl-, 
e hyl prS-! ^opropyl- a^d 'butyl-(meth)acrylate; eth^ene-maleic acid copolyrner. etM--P-Py'^- 
Slymer )Lt;ber, ethylene-propylene-diene-copolymer rubber and ethyl en e-vinyl acetate-vinyl chlonde 

35 ""^These ethylene homopolymers and ethylene copolymers may be used in combination, or in admbcture with 
different kinds of synthetic resins or rubbers. , ^, /vo>1^ «f 

The unsaturated carboxylic acids, alkyi esters and vinyl esters thereof constltut.ng the «=opJ^er (X24) of 
ethylene-unsaturated cart^oxylic acid or alkyl ester therof. metal salt (X25) of such copdymer (X24) and ethy- 
lene-vinvl ester copolymer (X26). as the ethylene copolymer (X2). include those gwen below. 

« T e uns«d Lboxyllc icWs can be exemplified by acrylic acid, methacryllc acid, malen: acKl funnar^ 
acid IteSnic anhydride, etc. The unsaturated carboxylic ackl alkyl ester monomer includes methyl 
Sh)ac7a"e. ethyl (meth)acrylate. propyl (meth)acrylate. butyl (meth)acr^ate. cyclohexy ("^^^f^^^ 
faurjl (meTh)acrylate. stearyl (meth)acrylate. monomethyl maleate. monoethyl maleate. d.ethyl maleate, d.ethyl 

as '"'^ Tht;inyl ester monomers can be exemplified by vinyl acetate, vinyl propionate vinyl l^^^^;^"^^^-^^;^ 
vinyl trifluoroacetate. etc. Of these unsaturated carbox^lc acids, alkyl esters and vinyl ^^^^^^^^^^^^ 
ferred are acrylic acid, methacryllc acid, maleic anhydride, methyl acrylate. methyl methacrylate. ethyl acrylate 

and vinyl acetate. Those monomers may be used in combination. 

^he metal salts (X25) of ethylene-unsaturated carboxylic acids copolymer or alkyl ester copo ymer thereof 

. areio^crltlnkedihyleneco^ymersobtalnedbyaddiU^^^^^^ 

rated carboxylic acid or alkyl ester thereof with an unsaturated carboxyLc acd monomer such as acryl.c acid^ 
mlleic add and maleic anhydride, followed by reaction of the thus modffied polymer with a metal compound 

''lL':tt7c:mpi;nds mdude nitrates, acetates, oxides, hydroxides, -'►^-f - '. "tTtn^^ 

55 and b irtonates ormetals selected from the group consisting of Na. K, Ca. Mg. Zn Ba^Fe d^^alent or mva- 
fent) CO. Nl and Al. Of them. Na. Mg and Zn metal compounds ar^ partlculariy preferred. They may be used 

in combination, if necessary. 
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[a-Olefin copolymer (X3)] 

The a-olefm copolymer (X3) constituting the olefin homo/co-polymer portion (X) of the multi-phase structure 
graft copolymer (2) is the one obtained by copolymerization of an a-defin monomer such as propylene with at 
least one other a-olefin monomer or ethylene. „ u 

The a-olefin monomer refers to propylene and unsaturated hydrocarbon compounds having 4 to 20 carbon 
atoms The a-olefin monomar-can be exemplified by propylene, butene-1 . pentene-1, hexene-1 . heptene-1 . 4- 
methylbutene-1. 4-methylpentene-1. decene-1. octene-1 . etc. Of these, propylene and butene-1 are most pre- 

^^'^^opo^mers obtained by copolymerization of an a-olefin monomer such as propylene with at least one other 
a-olefin monomer or ethylene and other unsaturated monomers, such as the unsaturated glycKlyl group con- 
taining monomer and the unsaturated caiboxyllc acid monomer, can be used as the a-olefin copolymer (X3). 
Further the a-olefin copolymer (X3) may be modified through addition reaction with other unsaturated mono- 
mers such as the unsaturated glycidyl group containing monomer and the unsaturated carboxytic acid mono- 



15 mer. 



25 



45 



(Vinyl copolymer (Y)] 

The vinyl copolymer (Y) constituting a part of the multi-phase structure graft copolymer (2) refers to the 
copolymer of an unsaturated monomer having a functional group with a vinyl monomer. The functional group 
containing unsaturated monomer Is contained in an amount of at least 0.01 % by weight (preferably at least 
0 05 % by weight, more preferably at least 0.1 % by weight) in the vinyl copolymer (Y). 

The functional group containing unsaturated monomer may be introduced to the vinyl copolymer (Y) 
through copolymerization with a vinyl monomer, or through addition reaction with the vinyl homo/co-polymer. 
A mixture of several kinds of vinyl copolymers (Y) may also be used. Otherwise, free vinyl homo/co-polymers 
containing no functional group can be admixed with the vinyl copolymer (Y). 

The functional group containing u nsaturated monomer is an unsaturated monomer having at least one func- 
tional group selected from the group consisting of epoxy group, carboxyl group, hydroxyl group and amino 

^'"The epoxy group containing unsaturated monomer includes those described for the unsaturated glycidyl 
group containing monomer. The carboxyl group containing unsaturated monomer includes the unsaturated car- 
boxylic acid monomer and metal salts thereof described above. 

The hydroxyl group containing unsaturated monomer includes alcohols having an unsaturated bond, esters 
of monovalent or divalent unsaturated carboxylic acids with unsubstltuted divalent alcohols, and esters of 
monovalent or d'^alent unsaturated carboxylic acids with unsubstltuted alcohols having a valence of 3 or more. 
Typical examples of these compounds preferably include 3-hydroxy-1-propene, 4-hydroxy-1-butene. cis-4.hyd- 
rDxy-2-butene. trans-4-hydroxy-2-butene, 3-hydroxy-2-methyl-1-pentene. cis-5-hydroxy-2-pentene, trans-5- 
hydroxy-2-pentene. cis-1,4-dihydroxy-2-butene. tranv1.4-dihydroxy-2-butene, 2-hydroxyethyl (meth)acrylate 
2-hydroxypropyl (meth)acrylate. 3-hydroxypropyl (meth)acfylate. 2-hydroxyethyl crotonate. pentahydroxyethjri 
(meth)acrylate, 2,3.4,5-tetrahydroxypentyl (meth)acrylate, etc. 

The amino group containing unsaturated monomer includes alkyi ester derivatives of acrylic acid or methac- 
rylic acid such as aminoethyl acrylate, propylaminoethyl acrylate. dimethylaminoethyl methacrylate. aminop- 
ropyl methacrylate, phenylaminoethyl methacrylate and cydohexylaminoethyl methacrylate; vinylamine 
derivatives such as N-vinyldiethylamine and N-acetylvinylamine; allylamine derivatives such as acrylamine. 
methacrylamine and N-methylallylamine; acrylamide derivatives such as acrylamide and N-melfiylacrylamide; 
and aminostyrenes such as p-aminostyrene. 

Among the above four functional group containing unsaturated monomers, the hydroxyl group containing 
unsaturated monomer and the carboxyl group containing unsaturated monomer are most preferred in that it 
can improve coatability of the resulting composition without lowering impact resistance. 

The vinyl monomer constituting the functional group containing vinyl copolymer (Y) includes aromatic vinyl 
monomers such as styr^ne, nucleus-substituted styrene (e.g. methylstyrene, dimethylstyrene, ethylstyrene, 
isoprapylstyrene and chlorostyrene) and a-substituted styrene (e.g. a-methylstyrene and a-ethytetyrene); ester 
monomers of (meth)acrylic acid and alkyls having 1 to 8 carbon atoms (e.g. methyl (meth)acrylate and ethyl 
(meth)acrylate), acrylonitrile. methacrylonitrile and vinyl ester monomers (e.g. vinyl acetate and vinyl propion- 
ate) In addition, other vinyl monomers such as vinyl halides (particularly vinyl cNoride), vinylidene halides (par- 
tlculariy vinyiWene chloride), vinyl naphthalene, vinyl carbazole, N-phenylmaleimlde. N-cydohexylmalelmlde, 
etc. can be used. 
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[Process for preparing the multi-phase structure graft copolymer (2)] 

VVhenthemulti-phasestnicturegraftcopolymer(2)ispr«pared.anyofthetwagraftingtec^^^^^ 
known i a chain transfer method and ionization irradiation, may be employed. However, the most preferred 
one w 11 be deschbTdCo; which is advantageous in that it gives high graft effic«ncy and causes no aggj^ 
eratiolf the respective polymers (1) and (2) when the resin composKion containing the polymers (1) and (2) 

is heated, and that this process is simple. n i ino oarts bv weiaht of a 

First to 5 to 400 parts by weight of at least one vinyl monomer are added 0.1 to 100 parts by ^eiO"t oi a 
func^Sal group containing unsaturated monomer per 100 parts by weight of the v nyl monomer and 0^ to 20 
oarts by weSht of a radi^ly polymerizable organic peroxide represented by the following fonmula 1 or 2 p^ 
oJ parts b?wetaht of the lyi Lnomer. In the resulting mixture is dissolved 0.01 to 5 Parts by we.gh o a 
o yr^^SLor per 1 00 parts by weight of the mixture to prepare --'"'^^ ^^^^ Jt:^ 
has a decomposition temperature of 40 to 90»C for achieving the half-value period of 10 hours. 

NeriOO^rts by weight of an olefin homo/co-polymer (X) is preliminarily suspended '-^ -«^r «nd *he 
Next ^ pans y a snowed by heating under a condition where the polymenzation in- 

ftirdot Tt ubs antiXund^^^^^^^ ^hus. the olefn homo/c..po.ymer (X) is impregnated with 

Telyrn^ler group containing unsaturated monomer, radically polymerizable organic perox.de 

^InZI^Z^^rJo, the a.ueous suspenston is elevated to effect copolymerization of the vinyl monc. 
mer the ;u ct ona^T^ui containing unsaturated monomer and the radically polymerizab e o^9an,c pe^xide 
imeoSnhom'o/c^polymer(X).wherebyagraftprecur^^ 

r:^? rr^t" rr.re of 100 to 300»C to g.e a mul.-phase 

stnj^Jre^^ courier (2). During the melt kneading, another kind of olefin homo/co-polymer or v.nyl 
ioSvLCadSal y be admixed to thegr 

thrsusLnsio^^^ process, the multi-phase structure graft copolymer (2) may otherwise be 

IbUnfd by g oun^^ synthesis of the graft precursor without using the ft^nctional group conta,n,ng un^ 
sa u a^ Isomer and adding . later to the resulting graft precursor, followed -e^^e««^'ng. Of the three 
^o^sses the first one wherein the graft precursor is simply melt blended ,s most preferred, 
^he thus obSned multi-phase stnjcture graft copolymer (2) is melt kneaded with the P~PVl«"f P°'y"l«"'^^ 
(1 ) tl p^epai a the^oplasuc resin compositon of the present invention. It should be noted that the graft pr^ 
^ rfor shou d not n^essarily be subjected to melt kneading prior to blending with the propylene polymende 
n otherlr^s th^^^^ can directly be mixed with the propylene polymeride (1) and the mncUi^ 

Is meltTnea^eTto carr? out formation of the multi-phase structure graft cop<.ymer and blending w«h the pre 

^^'^K '^:::X'rSc^^^^^^^ ^^-^^^^ -^^-'^'^^ ^'"'^^'-^ '"^'^'^ 



1 or 2: 



40 



[ Formu 1 a 1 ] 

K 3 

I 

CIlz-C- C-0~(Cll2-Cll-0)m - C-O-O-C-Rs 

! ii I 11 1 

wherein R. represents a hydrogen atom or an alkyi group having 1 to 2 carbon atoms, R, represente a hydrc^en 
group having 3 to 12 carbon atoms; and m is 1 or 2, 

[Formula 21 

I 

CH.=C- Clh 0 (CH.-CH-O). - C-O-O-C-R.o 
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t-butylperoxyacryloytoxyethyl carbonate, 
t-amylporoxyacryioyloxy ethyl carbonate, 
t-hexyiperoxyacryloyloxyethyl carbonate. 
1 , 1 .3.3-tetramethylbuty!peroxyacryloyloxyethyl carbonate, 
cumylperoxyacryloyloxyethyl carbonate, 
p-isopropylcumylperoxyacryloyoloxyelhyt carbonate, 
t-butylperoxymethacryloyloxyethyl carbonate, 
t-amylperoxymethacryloyloxyethyl carbonate. 

p-isopropylcumylperoxymethacryloyoloxyethyi carbonate, 
t-butylperoxymethacryloyloxyethyl carbonate, 
t-amylperoxyacryloyioxyethoxyethyl carbonate, 

p-isopropylperoxyacryloyioxyethoxyethyl carbonate, 
t-butylperoxymethacryloyloxyethoxyethyl carbonate, 
t-amylperoxymethacryloy!oxyethoxyethyl carbonate, 

bonate, 

p-isopropylcumylperoxymethacryloyloxyethyl carbonate. 
t-butylperoxyacryloy!oxyisopropyt carbonate, 
t-amyl peroxyacryloyloxyisopropyi carbonate, 

p-isopropylcumylperoxyacryloyloxyisopropyl carbonate, 
t-butylperoxymethacryloyioxyisopropyl carbonate, 
t-amylperoxymethacryloyloxylsopropyl carbonate, 

carbonate, or ^«»mpyloJ"VP«'~y™»""l*>vl<«»'»t","^ TSlirS^. 2 Z b*. ft. Ion« o( t-buW- 

45 t-hexylperoxyallyloxyethyi carbonate, 

t-butylperoxymethallyloxyethyl carbonate, 

t-amylperoxymethaliyloxyethyl carbonate, 

t-hexylperoxymethallyloxyethyl carbonate. 

t-butylperoxymethallyloxyisopropyl carbonate, 
50 t-amyiperoxyallyloxyisopropyl carbonate, 

t- hexyl peroxyallyl oxy isopropyl carbonate, 

t-butylperoxymethallyloxyisopropyl carbonate, 

t-amylperoxymethallyloxyisopropyi carbonate, or 

radical polymerizable organic peroxides can be used in combination. 

8 
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[Condition for processing Ihemnoplastic resin compositions] 

The present them,oplastic resin composition can be prepared by melt kneading the propylene poiymeride 

10 15 tHo 0 most preferably 20 : 80 to 80 : 20). If the amount of the graft copolymer (2) «J«ss than 1 A 
; ^^ht llrty ofL moldUd products of the thermoplastic resin «-P-j«°" -^'/"l 

wh^r-ac if it exceeds 99 % by weight, heat resistance of the molded product will be reduced. 

mixer a kneader mixer, a kneader extruder, a twin screw extnider, a roller system or the l.ke. 
[Second aspect of the invention of the thermoplastic resin composition] 

in the present invention, it is preferred to further blend a thermoplastic elastomer (3) with '^e resin compo- 

copolymer rubber are preferred in view of impact resistance. P^'^^^^^'^^"^^^^^^^^^^^ m Z Z^lrl 
themolded products. Copolymer mbbers having a Mooney viscosity of 5 to 1 50 (ML,^ 100 C) are more pre- 

'""^ eanwhile in view of mechanical properties and heat resistance, the themioplastic e'^^to-^^I^^S) ^ P^J- 

hand, if it ^ added fn an amount of more than 300 parts by we^ht. heat resistance of the resulting resin comp.> 
sition will be lowered. 

[Other components added to the present thermoplastic resin composition] 

An inorganic filler (4) may be added in an amount of not more than 200 parts by ^f'^'^^^'^.^'^^l 

asu balloon, metal balloons, glass balloon and pumice; and mineral '^^^^ ^^^^J^^^^' 
prefe^dln vrorn:chani<L/properties. surface appearance of the resulting 

s stance While commercially available talcs can be used, ttiose having an average of 1 to 4 ^m 

piicularty preferred. Two or more of these inorganic filler, (4) can be used in combination. 
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The surface of the inorganic filler (4) is preferaWy treated with stearic acrf, ole.c acd. P^"^*'^ .^^^^ 
salts thereof paraffin wax, polyethylene wax or rrxxlified products thereof, organic silanes, orgamc boranes or 
^lic malfes such surface treatment facilitates homogeneous dispersion of the ino,gan.c filler ,n the resin 
and improves compatibility with the matrix resin. ^ ^ ^„ 

Further an Inorganic flame retardant such as magnesium hydroxide and aluminum hydroxide, an organic 
flame retardant such as halogen or phosphorous containing compounds: addiUves such as a rnetal powder 
an antioxidant, a UV-discoloration preventive, a lubricant, a dispersant a coupling agent a foaming agent, a 
"oss nklng agent, a coloring agent and carbon black; an engineering plastic such as other P<^5^lefl";««'^ 
fromatic polyester, polyphenylene elhe,., polyamides. polycarbonates. 

polyphenylene sulfide; and polystyrene, acrylonitrile-butadiene-styrene copolymer (ABS), mettij^me hao- 
J^lateluUdiene-styrene copolymer (MBS) and vinyl .esins such as polyvinyl chloride may be added without 
departing from the spirit of the present Invention. 

[Applications of the present thermoplastic resin composition] 

The thermoplastic resin composition consisting of the propylene polynieride (1 ), the multi-phase stmc^re 
graft copolymer (2) and opttonally a them^oplastic elastomer (3) has excellent mechanical Properties -r^ d^ng 
processab.^, impact resistance and coatability. Accordingly, such resin 'composition can « " ^^^^^^^^ 
forvarious resin molded articles produced by injection molding or extr,JS.on. Resin mo ded articles be exem- 
plified by automotive parts such as bumpers, door protectors and mud guards, and electric appliances or build- 
ing members. The present resin composition is particularly suitably used as a material of automotive bumpers. 

Description of Preferred Embodiments 

Preparation of the multi-phase strvjcture graft copolymers (Reference Examples 1 to 8), embodiments of 
the present thermoplastic resin compositions prepared using these multi-phase sfructure graft ^opdymers 
(Examples 1 to 40) and embodiments of prior art thermoplastic resin compositions (Comparative Examples 1 
to 10) will now be described below. 

(Reference Example 1: Preparation of a multi-phase structure graft copolymer (2A)) 

A 5 liter volume stainless steel autoclave was filled with 2,500 g of a purified water, and then 2-5 g of polyvi- 
nyl alcohol as a suspension agent was dissolved therein. To the ^-""^"9 l'!,,\'i'R'°Se' 
Jan ethylene-propylene copolymer rubber "EPO TP' (trade name, manufactured by Japan Synthetic Rubber 
Co., Ltd.). followed by stin-ing to prepare an aqueous dispersion. r,tsLC<,u.r^ im\ 

Meanwhile 1 .5 g of benzoyl peroxide "Nyper B" (trade name, manufactured by hJippon Oil & Fats Co.. Ltd.) 
as the polymerization initiator, 6 g of t-butylperoxymethacryloyloxyethyl cart>onate as the "d'^"* P^^«;i^ 
able organic peroxide and 30 g of hydroxypropyl methacrylate as the functorial 9™"P ^"'^'"'"9 ""'/^"^ 
monomer were dissolved in 300 g of styrene as the vinyl monomer. The resulting mudure was placed into the 

^"'°?hIaiSlaDe was heated to 60 to 65=C, and the resulting mixture in the autodave was stirred for 2 hours 
to impregnate the ethylene-propylene copolymer rubber with the vinyl monomer containing the polymerization 
Inrtl^to^radfcally polLerizable organic peroxide and a functional group containing unsaturated monomer. 
Subsequentiy, the temperature of the autodave was elevated to 80 to 85°C. 

The autoclave was maintained at this temperati^re for 7 hours to complete P^'y^'^^^ ^^^l^f''^^-^ 
lected from the suspension was then washed with water and dried to give a graft precursor (A). The st^^ne 
T^yT. which was extracted from a sma» amount of the graft precursor (A) v.^h ethyl acetate, proved to 
have a number-average molecular weight of 900 by gel pemneation chromatography (GPC). 

The raft precursor (A) was subjected to extoision treatment using a Laboplastomill sing^ ^^^-l^^^^^ 
(manufactured by Toyo Seiki Seisaku-sho Ltd.) so as to effect grafting reaalon and ^r'^jZ'^r^ .^^J, 

Observation of ttie graft copolymer (2A) using a scanning electron microscope JEOL -i^J^^^ 
name manufactured by JEOL. Ltd.) klentified that the graft copolymer (2A) has a mult-phase structure .n which 
t;ysphehcresinphtehavinganaveragepartidesizeof0.3to0.4^.nis 

The hydroxyl group containing styrene copolymer showed a graft efficiency of 75 %. The term graft effl^ 
ciency" used here^ means the proportion of the styrene grafted to the ethylene-propylene copolymer rubber 
of the total amount of the raw material styrene. which can be calculated as follows: 
(Graft efficiency) = (Grafted styrBne)/(Total styrene) x 100 
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(Reference Example 2; Preparation of a multi-phase structure graft copolymer (2B)) 

A multi-phase structure graft copolymer (2B) was prepared In the same manner as In Reference Example 
1, except that 30 g of the hydroxypropyl methacrylate used in Reference Example 1 was replaced by 30 g of 

methacrylic acid. , u „ „.,^ 

In the thus obtained graft copolymer (2B). the carboxyl group containing styrene copolymer had a num- 
ber-average molecular weight of 900. The resin dispersed in this copolymer (28) had an average particle size 
of 0.3 to 0.5 nm. 

(Reference Example 3: Preparation of a multi-phase structure graft copolymer (2C)) 

A graft precursor (C) was first prepared In the same manner as In Reference Example 1. except that the 
hydroxypropyl methacrylate used in Reference Example 1 was omitted. Subsequently 10 g of maleic anhydride 
was admixed with the graft precursor (C), and the mixture was extruded at 200°C to effect grafting reaction 
and obtain a multi-phase structure graft copolynr>er (2C). 

In the thus obtained graft copolymer (2C), the carboxyl (acid anhydride) group containing styrene 
copolymer had a number-average molecular weight of 900. The resin dispersed in this copolymer (2C) had an 
average particle size of 0.3 to 0.4 nm. 

(Reference Example 4: Preparation of a multi-phase structure graft copolymer (2D)) 

A multi-phase structure graft copolymer (2D) was prepared in the same manner as in Reference Example 
1 except that the ethylene-propylene copolymer rubber used in Reference Example 1 was replaced by ethy- 
lene-glycidyl methacrylate copolymer "Rexpearl RA3150- (trade name, manufactured by Nippon Petrochem- 
icals Co Ltd ) and that the hydroxypropyl methacrylate was replaced by glycidyl methacrylate. 

In the thus obtained graft copolymer (2D), the epoxy group containing styrene copolymer had a number- 
average molecular weight of 860. The resin dispersed in this copolymer (2D) had an average particle size of 
0.3 to 0.4 urn. 

(Reference Example 5: Preparation of a multi-phase structure graft copolymer (2E)) 

A multi-phase structure graft copolymer (2E) was prepared in the same manner as in Reference Example 
1 except that the ethylene-propylene copolymer rubber used in Reference Example 1 was replaced by ethy- 
lene-ethyl acrylate copolymer "Nissekl Rexton EEA A4200- (trade name, manufactured by Nippon Petrochem- 
icals Co., Ltd.) and that the styrene was replaced by methyl methacrylate. 

In the thus obtained graft copolymer (2E), the hydroxyl group containing methyl methacrylate copolymer 
had a number-average molecular weight of 700. The resin dispersed In this copolymer (2E) had an average 
particle size of 0.2 to 0.3 nm. 

(Reference Example 6: Preparation of a multi-phase structure graft copolymer (2F)) 

A multi-phase structure graft copolymer (2F) was prepared in the same manner as in Reference Exarnple 
1 except that the ethylene-propylene copolymer rubber used in Reference Example 1 was ^ep'^ced by hyd- 
rogenated styrene-butadiene-styrene copolymer rubber "Crayton G1650- (trade name, manufactured by Shell 
Kagaku Kabushiki-kaisha). 

in the thus obtained graft copolymer (2F). the hydroxyl group containing styrene copolymer had a number- 
average molecular weight of 950. The resin dispersed in this copolymer (2F) had an average particle size of 
0.3 to 0.5 nm. 

(Reference Example 7: Preparation of a multi-phase structure graft copolymer (2G)) 

A multi-phase structure graft copolymer (2G) was prepared in the same manner as in Reference Example 
1 except thai the ethylene-propylene copolymer rubber used in Reference Example 1 was replaced by pro- 
pylene copolymer "Nissekl Polypro J650G" (trade name, manufactured by Nippon Petrochemicals Co.. Ltd.). 

In the thus obtained graft copolymer (2G), the hydroxyl group containing styrene copolymer had a num- 
ber-average molecular weight of 900. The resin dispersed In this copolymer (2G) had an average particle size 
of 0.3 to 0.4 nm. 
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(Reference Example 8: Preparatton of a multi-phase structure graft copolymer (2H)) 

A multi-phase structure graft copolymer (2H) having no funcUonal group was prepared in the same manner 
as in Reference Example 7, except that the hydroxypropyi methacrylate was omitted. 
s in the mils Obtained graft copolymer (2H). the styrene copolymer had a number^verage molecular we.ght 

of 900. The resin dispersed in this copolymer (2H) had an average particle see of 0.3 to 0.4 nm. 

(Examples 1 to 10) 

,0 Examples 1 to 10 shown in Table 1 were prepared by melt kneading the propylene polymeride (J). "Ni^eW 

Polypm T630G- (trade name, manufactured by Nippon Petrochemicals Co., Ltd ) and °n« -"''HPh^^f ^J^^^ 
gr Jl copolymer selected from (2A) to (2G) obtained In Reference Examples 1 to 7 at the rattos as shown in 

^^"'TheSSngwas carried outby extruding thedry trended pellets of raw maters 
,5 twin sc^ew extJ!der having a screw diameter of 30 mm and a cylinder temperature set to 230«C. followed by 
S^lnuS"^ granulated resin was subjected to injectton mdding to prepare test p.ecea for various tests. 

The sizes of the respective test pieces are as follows: 
Test piece for Izod impact test 
13 mm X 65 mm x 6 mm (notched) 
20 Test piece for deflection temperature under load test 

13mmx 130 mm X 6 mm 
Test piece for coating adhesion test 

Th'e «rte"S were'^rned out using the test pieces prepared as described above, and the test results 

25 are summarized in Table 1 . 

(1 ) Izod impact test 

,zod impact test was carried out according to Japan Industrial Standart (JIS) K7110. ^^^^^^^^'^^ 
30 hammer impact is given to the notched face of a notched test piece supported perpendiculariy to measure the 
level of absorption energy when the test piece was broken by the impact. 

The ,zc^^^^ strength Is indicated by the value obtained by dividing the -^-^^^^^ ^^^^'^^^''^^ 
cross sectional area of the notched portion. The thus obtained Izod impact strength can be a measure of the 
Tng" cJ a re«ded artides having flaws. This test was carried out under two different ^^^^^ 
35 d tons i e at normal temperature and at -40°C. respectively. Resin molded articles generally become bnttle 
Tlow temp^ret^res. Hov^ver, automotive molded articles are sometimes exposed to low temperature envn 
renmerThTrefore. Izod impact test at -40'C is carried out in order to examine the strength of the molded 
articles at low temperatures. 

40 (2) Deflection temperature under load test 

This test was carried out according to JIS K 7207. More specifically, a test piece was put under an oil con- 
tained a tanT and a stress of 1 8.6 Kg/cm^ was applied thereto. The temperature of the oil ta^^^ was e^^v^^^^ 
at a rate of 2.0 ± 0.2^C/min. The deflection temperature under load means the temperature when the test piece 
45 underwent a predetermined level of deflection by the heating. 

(3) Coating adhesion test 

A test piece was coated with a polyolefin primer and then with an acrylk: coatingjhe ^^^^^^^^ 
«, on the test Piece was crosscut by eleven each lengthwise and widthwise slits, respectively, at an interval of 
mm t^ uch'aTeprth't the slits'may reach the surface of the base test pie<^. Th-- I.OO.^- ^^J^ 
mml were fomied on the test piece. An adhesive cellophane tape (manufactured by Nichiban Co.. Ltd ) was 
Tp eT o tJe surfa^ of the <Lsout coating film and peeled off speedily. The number of squares wh.ch re- 
mained unpeeled on the test piece was counted. Namely, the greater the number of the squares remaining on 
55 the test piece is. the higher is the adhesion of the test piece. 
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(4) Petroi resistance 

the meanings of which are as follows: 

o: Intact A: Partly peeled X: Entirely peeled 

(5) Appearance 

. /lannth- AfiO mm X width- 120 mm X height: 56 mm) was formed by injection molding and 

15 evaluated by observing such flow marks. 
[Table 1] 

(Examples 11 to 20) 

J630G" (trade name.manufactured ^'^^^^ 

25 2, respectively. 
[Table 2] 

(Examples 21 to 30) 

Hxa.p.esano30s.o.nlnTa.e3wereprepa.d^^^^^^^^^^^ 
J630G- (trade name, manufactured by N^pon to (2G) prepared in Refer- 

Synthetic Rubber Co.. Ltd.) at the ratios as shown m Table 3. respect^/ely. 
[Table 3] 

(Examples 31 to 40) 

Examp,es31to40showninTab,e4were prepared byb|endingaprop^^^^^^^^^^^^ 
J630G" (trade name. manufacU^red ^''V f^ippc^ Pe*^^«^«=^^^^^^^ Aplastic elastomer (3) 

copolymer selected from {2A> to (2G) obtained ,n ^^^^^ .^^^o ° a^d a talc as the inorganic filler 
•EP02P" (trade naiT»e. manufactured by Japan Synthetic Rubber Co.. ua.). a 
45 (4) at the ratios as shown in Table 4, respectively. amount of 



30 



35 



40 



50 



the talc shown in 
[Table 4] 

(Comparative Examples 1 to 1 0) 



comparative Bxampielshowninxab™^^ 

(trade name, manufactured by Nippon f '^^^^^^'^ (1) with one copolymer 

parative Examples 2 to 1 0 were prepared ''^ ^-^"l^ the ^me p^^^^^^ 

selected from the group consisting of a JP^^^^^.^ ^lecular weight 900) and an 

group, a styrene-ac^nc -^^^^'^^^^ Manufactured by Mitsubishi Pe,«Khenv 

ethylene-acrylic acid copolymer -^ukaion ttA o i uv* 



EP 0 507 561 A1 



15 



5 [Table 5] 



- ■ T,hi«.« 1 to 4 ExaniDles 1 to 40 all showed excellent coating adhesion, petrol resistance and 
appetra^rCrs;^^^^^^^^^^ Perfon^ances in ,zod impact strength (notched) and de«ectK>n under 

'°^'AsshownlnExa.p.es1to3.astheproponionofthen.u,^^^^^^ 
rop.eneincreases..^lrnpa.^^^^^^^^^ 

coating adhesion exhibited in Examples i to j is co"^'^ structure graft copolymer. As the com- 

ra:r^'^r.:^Tar;rs^^^^^^^^ 

improved as the content of them^oplastio elastomer (^f^f ^^ comparative Exam- 
' on the contrary. In the case of Comparat^e ^^^'^^l^^'^^'^^^ group and 

p,es 2, 5 and 8 emplo.n. a multiphase ^- ^J^^^^^^^^ ^ graft copolymer, some of 

Tp^oTel^^u'cra^zodl^^^^^^^^^ deLcC under load, coating adhesion, petrol resistance and a. 



pearance are deteriorated. 
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Claims 

1 A thermoplastic resin composition ir,dudlng a propylene pCymeride and a graft copdymer having an olefin 

the ranae of 5 to 95 % by weight in said graft copolymer, and the vinyl copolymer portion constitutes the 
eSer of sa^d Ltt copolymer; that the vinyl copolymer portion contains at least one functional group 
seated fromThe ^oup consisting of an epoxy group, a cart>oxyl group, a hydroxyl group a" an.no 
rJ>u7an7t^atoneoftheolefinhomo/co.pdymerportion and the vinyl ^^^^^ 

?"ase fnte other with a partfcle size of 0.001 to 1 0 ^m. whereby said graft copolymer assumes a multl- 
phase structure. 

2. Thethem,oplastic.«sincompositionaccordingtoClaim1.whereinthevinylcopolymerportionofthe 
copolymer has a number-average molecular weight in the range of 5 to 10,000. 

3 The themioplastic resin composition according to Claim 1. wherein the vinyl copolymer portion of the graft 
lopoTymris a c^P^^-^r of a vinyl monomer with an unsaturated monomer having a funct«nal group 
reS^m the Sroup consisting of an epoxy group, a carboxyl group, a hydroxyl group and an am,no 
group. 

4 The them«plastic resin composftion according to Claim 3. wherein the epoxy group "j'^- 
Ltedm^Lrisatleastoneselectedfmmthegroupconsistingofglycidylestersm^ 

ate glycol methacrylate, monoglycidyl itaconate, monoglycidyl butenetricarboxylate. diglycdyl 
b^tenetrC^oxylate. Sycidyl butenetricarboxylate. a-chloroa«yl. maleicacki. croton.c ac.d and fumanc 
ac!d glSre^hers including vinyl glycidyl ether, allyl glycidyl ether, glycidyloxyethyl v.nyl ether and sty- 
rene-p-glycidyl ether, and p-glycidyl styrene. 

5 The themioplastic resin composition according to Claim 3. wherein the carboxyl group containing unsatu- 
rat m\l°l^taueast 

including acrylic acid, methacrylic acid, maleic ackJ. fumanc acd and ,tacon,c anhydnde. and metal salts 
thereof. 

6 The themioplastic resin composition according to Claim 3. wherein the hydroxyl group 

rated mZmer is at least one selected from the group consisting of 3-hydroxy-1-propene. 4-hydroxy-1- 
buten~hy<^^oi-2.butene, trans-4-h^ 

2 SnSne tant^^ydroxy-2- ci^1.4-dihydroxy-2-butene. trans-1.4-dihydroxy-2-butene. 2- yd- 
foShTacrJate^d^xyethyl methacrylate. 2-hydroxypropyl acrylate, 2.hydroxypropyl methacrylate^ 

3 hrdXryI acrylL.^-hydroxypropyl methacrylate, 2-hyd«>xyethy. -^^'^ P^J^*^^^^^^ 
acrjiate pentahydroxyethyl methacrylate. 2.3,4.5-tetrahyd,oxypentyl acr^ate and 2.3.4.5-tetrahyd 
roxypentyl methacrylate. 

7 The them>oplastic resin composition according to Claim 3. wherein the amino g^<^P;°"'^^";"i"nsatu- 
rated monomer is at least one selected from the group consisting of al^ ester derrvat^ea ^ ^^^^ 
TlT^>c ack, including aminoethy. acrylate. propyiaminoethy. ^^^'"^^^^Z^^^^^^ 
rvlate aminopropyl methacrylate. phenylaminoethyl methacrylate and cyclohexylarninoethyl methacry 

vinTLmTn^JriLve^^^^^ N-viny.diethylamine and N-acety,vinylamin.; 'Ma^' ''^^J^^;- 
including acrylamine. methacrylamine and N-methylallylamme; acrylam.de der>vatr/es mdud.ng 
acrylamide and N-methylacrylamide; and aminostyrenes including p-aminostyrene. 



8. 



The themwolastic resin composition according to Claim 3. wherein the vinyl monomer is at least one selec- 
ti%omTe grSlu " nsistin"; of aromatk: vinyl monomer, induding 3ty-e^m^hy^^.^^^^^ d,me«.y. 
stvrene ethylstyrene. isopropylstyrene. chlorostyrene, a-methylstyrene and a^thyletyrene, C, - C. a ky^ 
eiJr — eTwith acrvJic acWrmethacryiic acid induding methyl acrylate, methyl '-^^^^ Tni 
aS^aTe and ethyl methacrylate; and acryonitrile, methacrylonitr«e. vinyl acetate; v.nyl P™P'°"««' ^'"jf 
hSes vnyiSe halkjS'viny. naphthalene, vinyl carbazole, N-phenylmale,mKle and N-cyclohexyl- 



maieimide. 
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15 



9. The tt,eanoplastic «sin co,.position according to any of Cairns 1 to 8, w^ich additionally contains a theor- 
moplastic elastomer. 

10. The thermoplastic resin cor^position according to Cain, 9, wh^h additionally contains an inorganic filler. 

11. A method of preparing the graft copolymer of .he them,oplas«c resin cor^position recited in Claim 1 conv 
prising the steps of: 

the graft copolymer. 
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EP-A-0 277 608 (I4IPP0N OIL AND FATS) 

• paga 3. Hn« 38 - pag. 4, 11n« 32 * 

• pag« 6, Una 22 - Una 30 * 

• paga 8. Una 1 - Una 14 * 
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